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Abstract

In this paper we discuss and anal yze a cl assical econom c
puzzl e: whether differences in factor intensities reflect
patterns of specialization or the co-existence of alternative
techni ques to produce output. W use observations on a |arge
cross-section of U S. manufacturing plants fromthe Census of
Manuf actures, including those that nmake goods primary to other
i ndustries, to study differences in production techniques. W
find that in nost cases material requirenents do not depend on
whet her goods are nmade as primary products or as secondary
products, which suggests that differences in factor intensities
usually reflect patterns of specialization. A few cases where
secondary production techniques do differ notably are discussed
in nore detail. However, overall the regresssion results support
t he neocl assical assunption that a single, best-practice
techni que is chosen for maki ng each product.
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. 1 NTRODUCTI ON

In this paper we discuss and anal yze a cl assical econonic puzzle:
whet her differences in factor intensities reflect patterns of specialization
or the co-existence of alternative techniques to produce output. |If
specialization is the principal explanation of differences in factor
intensity, then why is there so nmuch joint production--the make of nmultiple
goods by a single producing unit? In other words, why is not each good
produced according to a single best-practice technique? Conversely, if a
multiplicity of techniques is the principal explanation of differences in
factor intensities, then how can this phenonenon be reconciled with the
i mplication of cost minimzation that all producers choose the nost efficient
t echni que?

This issue is central to many applications of regi onal econonics and
international trade theory. For exanple, the traditional Hecksher-Ohlin
trade-theory expl anation of |abor- versus capital-intensive nodes of
production is that econonies favor relatively abundant factor inputs.
Equilibriumdifferences in factor intensities are explained by patterns of
specialization in final goods and services. Per conmmpdity, the co-existence
of multiple techniques is not admitted.

In practice, patterns of specialization seldomconformto the sharp
i mplications of such theory; specialization is not conplete. To prevent such
obvi ous contradictions, applied trade nodels often posit differences between
seem ngly identical commdities, either in terns of their price or perceived

quality.® Alternatively, trade nodels following the Ricardian tradition

'For exanple, a wide range of posited differences between seeningly
identical compdities appears in the nobdels used to study the effects of North
American free trade agreenents. The early work of Wbnnacott and Wonnacott
(1967) assumed that violation of the I aw of one price could explain the
exi sting patterns of specialization; they argued that because of subtantia
tariff and non-tariff trade barriers between the U. S. and Canada, Canadi an
manuf acturers attenpted to take advantage of econonies of scal e through
product diversification. Mre recently, Hanmlton and Whalley (1985), anobng
others, explain patterns of specialization by followi ng Arm ngton (1969) in
assum ng that the demand for a good depends on its country of origin.

Al ternatively, Brown and Stern (1989) allow for nonopolistic conpetition
created by firmspecific product differentiation, such as that established by
brand- nane adverti si ng.



consi der differences of technol ogi es as exogenous and exploit themto
deternine conparative advantages. The co-existence of nultiple techniques is
taken as given, w thout explanation

Di stingui shing between the alternative explanations of existing patterns
of factor intensity--specialization or differences in production
techni ques--al so confronts us at the | evel of nmeasurenent. |nputs are not
reported by product or activity separately; the micro reporting units
general |y are congl onerates of production activities, establishnments or |ega
forms of organization such as corporations. Moreover, applied studies
general |y use nore aggregative data. The traditional approach to aggregation
is to classify reporting units into sectors, j =1,..., n and to | abel the
commodities primarily associated with these sectors accordingly. |n nationa
accounts, the inputs of all compdities to sector j are listed in colum

vector u and the make of all compdities by sector j is given in the row

o
vector v; (U N, 1993). Many of the off-diagonal elements of the
correspondi ng make matrix V are non-zero. |In considering perturbations of the
patterns of production of final goods--changes in row vectors of the make
matri x--a nodel |l er needs to deci de whether anal ysis can proceed on an
el ement - by-el ement basis; alternatively, if this formof separability cannot
be i mposed, one nust specify the nature of joint production

Typically, jointness in production is ignored, and nodell ers adopt the
conmodi ty-t echnol ogy assunption that the requirements for internmedi ates depend
just on the commpdity being made, not on what else is being produced at the

same location.? To apply the compdity technol ogy assunption, one assumes

that a technical coefficient a; represents the requirements for commodity

2For exanple,in the applied general-equilibrium nodel Lopez-de-Silanes,
Mar kusen and Rutherford (1992) use to study the effect of a North American
Free Trade Agreenent on the nmotor vehicle industry, the internediate input
requi rements of notor vehicle producers are assunmed to just depend on whet her
t hey are naking finished goods or parts (of two varieties), not on whether the
production of finished vehicles and parts occurs jointly. More generally, the
Soci al Accounting Matrices (SAMs) used to calibrate applied genera
equi li brium nodels (Reinert, Roland-Holst and Shiells (1993)) adopt this
"commpdity technol ogy" assunption; see Pyatt (1992) for an explication of why
the validity of the conmpdity technol ogy assunption is critical in this
cont ext .



per unit of commodity j. Sunming across the outputs v,, of sector j of
commodities k, the overall requirements for the i-th input are

E«a; v;x. FEquating observed inputs, u;, to requirements yields, given

obvious matrix notation, AV = U, where the superscript denotes
transposition. |If the matrices are square (the nunmber of comodities equals

t he nunber of sectors), this equation can be solved for the comodity-specific
i nput-coefficients A Distinguishing between specialization and differences
in production techni ques as explanations for factor intensity is inportant to
appl i ed general equilibriumnodelling; if the coompodity technol ogy assunption
is invalid and techniques do differ, the predicted patterns of use wll

di verge from actual patterns.

Wth aggregative data, the ability to test the commodity technol ogy
assunption is limted. |In fact, if the information on patterns of use and
make are restricted to a single point in tinme, both the commodity technol ogy
assunption and the theoretically inferior alternatives critiqued by Kop Jansen
and ten Raa (1990) will fit the base-year data exactly, |eaving no
over-identifying restrictions to be tested.

In this paper we provide a stochastic framework for the neasurenent of
production techni ques, a framework that nests the commodity technol ogy
assunption and alternatives that allow for significant jointness of
production. |Instead of aggregating the reporting units--manufacturing
pl ants--into sectors, we analyze the plant-level data. The micro data give us
extensive variation in product mx and internediate use; by sinply regressing
pl ant input on the whole vector of plant outputs, we investigate whether
differences in factor intensities reflect patterns of specialization or the
co-exi stence of alternative techniques to produce output. In terms of the
above notation, we calculate the coefficients per material input for al
products simultaneously; i.e, the estimation of input-coefficients is row by
row, using the i-th row of the above equation, u, = a V

In summary, we offer three contributions to the literature. First, we

i mprove upon the traditional procedure of neasuring technical coefficients



from sectoral aggregates by all owi ng aggregation principles to be determ ned
by the micro data. Second, by using raw data (reports from 96,515 U. S.
manuf acturing plants) we have a sound statistical basis for quantifying the
accuracy of technical coefficient estimates; this lets us, for exanple,
eval uate the so-call ed problem of negatives associated with the solution to
the aggregate equation AV = U . Last, but not least, we test for the

co-exi stence of differing production techniques.

1. DATA AND ESTI MATI ON METHODS

To avoid the trap that variation of input intensities reflects
speci al i zation rather than a technical phenonmenon, the definition of products
nmust be di saggregated enough to render insignificant the concept of further
specialization. W attenpt to achieve product honmpogeneity by follow ng the
detailed U S. benchmark input-output (I1/0O table comodity classification
system and the Census product code extensions of the U S. Standard Industria
Classification (SIC) system Specifically, each I/O sector is associated with
a group of SICindustries, and each 1/O commpdity is associated with a |ist of
Census products. For now, Census products are assumed to be honobgeneous if
they belong to the same |I/O commpdity category. This assunption seens nodest,
since there are hundreds of |1/O conmmpdities, and we do not aggregate them

For each product, a dichotomy of producers is maintained. To one set of
producers, the nmake of the product is considered primry output and to the
other set it is considered secondary output. Under the commodity technol ogy
assunption, this dichotonmy into primary production--the make of the product
characteristic to the sector--and secondary production--the nake of products
characteristic to other sectors--has no special significance. However, we
adopt the primary-secondary dichotomy in order to give our test of the
commodi ty technol ogy assunption power against likely alternatives. |In other

words, we assume that if a nultiplicity of techniques really does exist, that



the choice of techniques is likely to be highly correlated with the
primary/secondary split.

For each material input, the observations are the consum ng plants.
Mattey (1993) anal yzed patterns of intermediate use for the subset of pure
plants with no secondary production (table 1, line 8) to focus on the role of
data truncation and errors of measurement in the problem of negatives. Because
we are interested in possible differences in techniques, we also include the
producers of secondary products (table 1, line 9). About 10 percent of the
manuf acturing plants report some secondary production, but because these
manuf acturers tend to be |arger than average, about 46 percent of overal
materials use occurs in plants with sonme secondary production. Wen secondary
production is present in a plant, it tends to conprise a significant portion
of a plant's activities; about 11 percent of all nmanufacturing output is
secondary production.?

Wth regard to the decision of how many naterials to study,
we chose to focus on the 71 commodities used significantly as intermediates in
manuf acturing.* For each of these 71 comodities (i), the null hypothesis of
a commodity technology relation is represented in equations of the follow ng

form
U@y Vinr* By Ving* » « +*84379Vis70  + (1)

Here, u,,is the use of material (i) by a plant (n). There are 370

manuf acturing products in the 1/0 system and the nmake of each of these

*The benchmark make table for 1982 fromthe U. S. |/O accounts indicates
that 11 percent of manufacturing output is secondary production

‘Specifically, we restrict the analysis to those 71 materials for which
t he nedi an pure-plant comodity technol ogy coefficient was at |east 5 percent
in at |east one industry. The scrap commodity and non-conparabl e inmports neet
this 5 percent requirenent but are excluded because of their heterogeneity.
Five other materials also neet this 5 percent requirenent but are excluded
because their use is so broad-based (nore than 100 i ndustries report sone use)
t hat our econonetric approach is intractable; the excluded nmaterials with
br oad- based reporting are paperboard containers and boxes, plastics materials
and resins, mscellaneous plastics products, blast furnace and steel nmill
products, and rolled or drawn al unm num products.
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products by the plant is denoted by the variables v, through v, The
unknown comodity technol ogy coefficients a;; through a;;;, do not depend on the
manuf acturing plant or its industry affiliation. Thus, for estimating the
unknown coefficients for use of material (i) we can stack the observations for

all reporting plants in all manufacturing industries into an equation:

U8y Vir@yy Vore o vr@y379 Voo (2)

where u; and v, through vy, are now vectors with conponents representing the
use or make entries for unique manufacturing plants.® Data is avail able for
the 96,515 manufacturing plants that report sone specified naterials use in
1982 (table 1). Thus, in principle the vectors in equation (2) have 96,515
el ements. However, not all plants in all industries are asked about the use
of every type of material, so no particular material input regression has this
many observati ons.

To illustrate the scope of the dataset with regard to types of
materials, table 2 lists the sectors in which the materials under study are
produced as primary products. The analysis covers a wide range of materials.
We study the use of particular agricultural materials such as dairy farm
products. We al so analyze the available reports on the use of nining
materi al s such as copper ores, processed foods such as packed nmeat, and
various textiles, wod, and paper materials. There are several chenicals,
pl astics and petroleummaterials. W also study the use of manufactured
materials such as stone, clay and glass and netals. Only a few equi pment
conponents and parts are included in the dataset.

To illustrate the scope of the dataset with regard to the identity of
the users of the materials, table 3 lists the industry availability of reports

on specified materials use of selected commpdities. The use of dairy farm

*The colum-vector u; of equation (2) is specified by the
corresponding row of the use matrix U, and v, through vg,, are
specified by the colums of the make matrix V.

9



products is reported by plants in five manufacturing industries, those which
produce butter, cheese, condensed mlk, ice cream and fluid mlk. The
plants in these five industries make a variety of products, including those
primary to twenty-five other industries, which are as diverse as cerea
breakfast foods and manufactured ice. Correspondingly, for this first

mat eri al, indexed by the subscript i=1, equation (2) has a vector of observed
dairy products use as the | eft-hand-side variable, and there are thirty

ri ght - hand-si de vari abl es describing the product conposition of these plants,
five for the primary products and twenty-five for the secondary products. The
commodity technol ogy equations (2) explaining the use of copper ores, neat
packi ng pl ant products,

or other materials have a sinilar form observations on use of the materials
by plants in several industries are explained by the w de-rangi ng product

conposition of these plants.

[11. PRI MARY VERSUS SECONDARY PRODUCTI ON TECHNI QUES

In fact, the nost natural division of plants to test for differences in
techni cal coefficients is between primary and secondary producers. So, in the
estimtion we focus on a subset of material-product conbinations for which it
is possible to estimate requirenents for make as a primary product, a®,
separately fromthe requirenents for make as a secondary product, a°. CQur

regression equations are a less restrictive formof equation (2):

g Ve , (3)

P P s s
Up=ayvre.. '+a.i370—370+a.il—1+ .- '+ai370+—37o

where the superscripts p and s on v, through vz, now i ndex primary and
secondary production of the specific commodities indexed 1 through 370. This
di chotony is useful for investigating whether nultiple production techniques
are present. |If techniques do differ substantially across manufacturing
plants, it is likely that the distribution of techniques will be correl ated

with the product m x.
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Tabl e 4 summari zes the distribution of regression sumary statistics.
Estimates are conputed from 71 separate OLS regressions, one regression for
each of the materials.® The goodness-of-fit tends to be quite high; only
about 5 percent of the regressions explain |less than 50 percent of the
variation in materials use, and npst of the regressions explain nore than 80
percent of the variation

The nunber of products of material users ranges froma |low of 5 products
in the regression explaining the use of sugar to a high of 205 products in the
regressi on explaining the use of rolled or drawn copper. Mst regressions
refl ect the make of 84 or nore products. There are at |east 27 manufacturing
pl ant observations in each regression. Mst regressions attenpt to explain
the use by nore than 934 manufacturing plants of a specific material. The
hi gh nunmbers of observations facilitates estimation and testing of
technol ogi es and their differences.

As shown in table 5 the estimates of requirenents for make as a primary
product generally are in the expected range fromzero to one, with less than 5
percent clearly negative and statistically significant at the five percent
significance level. The estimates of requirements for make as a secondary
product are a bit nore inprecise and wide-ranging. A bit nore than 5 percent
of the estimates are significantly negative, suggesting that there are a few
secondary production techniques that use fewer of these specified materials
than the use in primary production. Al so, about 4-1/2 percent of the
estimted requirenents for secondary production exceed one, whereas very few
of the estimated requirenents for primary production exceed this upper
t hreshol d.

To nmore fully quantify the extent to which secondary production

techniques really do tend to differ, we also have conputed the difference

®'n tables 4 and 5, each regression statistic is sorted relative to the
same statistics fromother regressions. Thus, for exanple, the small est
goodness-of-fit is 38 percent, but this | owest R® does not necessarily arise
in the regression with the fewest products (5).
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bet ween the paraneter estimates and scaled the difference by its conventiona
standard error. This t-statistic for the difference between primry and
secondary production requirenents is significantly negative in about 7 percent
of the cases and is significantly positive in another 10 percent of the cases
(final colum of table 5). 1In all, there is no evidence of a significant
di fference between primary and secondary production techniques in about 83
percent of the 1073 material -product conbinations we tested. Thus, in the
vast majority of cases, the results support the commpn assunption that
mat eri al requirenents for a product are not dependent on whether this
production is the nodal activity of a manufacturing plant.

The concl usion that techniques are nostly uniform across primry and
secondary production is strengthened when the cases of different techniques

are exam ned nore closely. The 17 percent of the cases where materi al - product

coefficients are different will be broken down into three, roughly equa
subgroups. In one-third of these cases, the differences can be ascribed to
possi bly inproper aggregation in the original tests. |In a second third, the

further exam nation is inconclusive due to insufficient reporting of the data
needed for additional tests. Only in the remaining third, that is 6 percent
of all the material-product conbinations, do differences in primry and
secondary production techniques withstand the tests with alternative
specifications and, therefore, can be said to be indigenous. This share is

| ow enough to be ascribed to neasurenent error. In other words, with regard
to materials use, the neoclassical assunption that a single, best-practice
techni que i s chosen for making each product is a good one for U S.
manuf act uri ng.

The exam nation of the material -product conbinations that have different
proportions in primary versus secondary production proceeds as follows. The
specification issues that could cause fal se rejections of the honpgeneity test
concern the use of produced-and-consunmed materials and too much or too little

aggregation of data on products and naterials. Too nuch aggregation of

12



products could |lead us to infer that technical coefficients differ, when

really they only differ because of product diversity within the primary

product group. Too little aggregation of materials could create apparent
di fferences in technical coefficients that really only reflect the use of

close substitute materials that, for nost purposes, could just as well have

been included in the original analysis. Under-reporting of own-materials use

arises if the analysis is restricted to purchased materials. In all these
cases, our original tests will lead to a rejection of honogeneity if there are
significant differences between primary and secondary producers in the extent
of underlying product diversity, use of close substitute naterials, or use of
own-materials.’

We use additional information, where available, to resolve these
specification issues (table 6). 1In slightly over two-thirds of the
mat eri al - product combi nations with the appearance in our baseline results of
differences in primary and secondary production techni ques, we have the
i nformati on needed to account for product diversity, use of close substitute
materials, or use of own-produced nmaterials. The analyses of each of these
sources of heterogeneity in the original results are presented below. |n each
case, we estimate additional regressions for the testable portion of the 17
percent (190 cases)of material -product conmbinations that failed the origina
t-test.® Qur results are summarized in table 6, which offers a four-way
classification of the apparent differences into product diversity, use of
cl ose substitute materials, use of own-produced materials, or the residua

unexpl ai ned cat egory.

‘An exanpl e of underlying product diversity, is that the primary products
of the pet food industry include both "~ dog and cat food'' and "~ other pet
food''. Close substitute materials that can be aggregated include fluid mlk
and condensed or evaporated nmilk. The use ofvown-produced materials is
relatively conmon in industries such as meat packing.

8 n terms of materials, not material-product combinations, a difference
bet ween primary and secondary requirenents was found for at |east one product
in 52 of the 71 regressions.

13



To summari ze these results, underlying product diversity explains 28
percent of the original 190 findings of heterogeneity. Use of close
substitute materials explains 8 percent, and use of produced-and-consuned
mat eri al s explains 12 percent of the original findings of heterogeneity. A
bit over one-third (37 percent) of the differences are explained (elimnating
t he doubl e-counting that could arise because nore than one expl anation could
be applicable). |In 35 percent of the cases, the rejection of the t-test is
still there under all tested explanations. The renminder of 28 percent is not
testable.?®

The first explanation of differences is the conmon one of inappropriate
aggregation. Because sectoral definitions are not chosen strictly according
to the supply-side criterion of material-input honogeneity, products with
differing material requirements still can be aggregated into a conmmodity that
is classified as primary to a single sector (Triplett (1992)). |If the
di stributions of these nore specific products differs across primry and
secondary producer, estimation at the nore aggregative level, as in equation
(3), can lead to the appearance of heterogeneity in production techniques. In
principle, further disaggregation can be used to identify this source of
techni cal difference

To identify cases in which the apparent difference in prinmary and
secondary production techniques is explained by product heterogeneity anong
the products classified as primary to the same sector, we nodi fy equation (3)

by further disaggregating the explanatory variables that gave rise to the

°For product diversity,the explanation is not testable if there are not
enough plants that report the make of the nore di saggregate products; such
addi ti onal detail nust be available for both primary and secondary producers,
but often the secondary producers specialize in a single product class. For
the use of close substitute materials,the explanation is not testable if the
questionnaires on materials use do not ask about close substitutes (other
materials in the 3-digit class)in both the industry where production is
primary and the industries where production is secondary. For the use of
own- produced materials, the explanation is not testable unless such activity
is reported by both primary and secondary producers.
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finding of heterogeneity in techniques.?® |If the significant differences

bet ween primary and secondary production techniques get resolved by further

di saggregation, we count the case as an instance explai ned by product

di versity anong primary products. As shown in table 6, about two-thirds of
the cases can be tested for underlying product diversity. O these, 53

mat eri al - product combi nations no |longer reject the test of honpbgeneity between
primary and secondary production techniques. |In other words, in 28 percent of
the cases where we originally found an apparent difference, primry and
secondary production techniques did | ook simlar at a nore di saggregate
product level; this 28 percent of the differences between techniques is
ascribed to underlying product diversity.

Too nuch di saggregation of materials also can create problens in
interpreting the regression estimtes of equation (3), yielding the second
expl anati on of technical difference. For exanple, there are separate sectors
for primary production of fluid mlk and of condensed or evaporated m |l k.
Clearly, in the production of many foodstuffs these naterials are close
substitutes. For sone anal ytical exercises--such as deriving the tota
requi rements for the products of dairy farms in producing a specified |evel of
particul ar foods--any difference between prinmary and secondary producers in
the formin which mlk is consunmed as a material will be inconsequenti al

To identify cases in which the apparent differences in techni ques can be
expl ai ned by very close substitutability of the materials, we aggregate close

substitute materials and re-do the test at the nore aggregative levels.™ As

YHere, we disaggregate further along the lines of the nore detailed
product classifications used in collecting the data. Specifically, we
di stingui sh between 5-digit product classes fromthe Census extension of the
Standard Industrial Classification (SIC) system W recognize that this form
of further disaggregation is itself inperfect for achieving supply-side
honogeneity for the same reason that the sectoral definitions are inperfect,
nanely that the classification describes a collection of products and
suppl y-si de honpgeneity is not enphasized fully in the classification system

“Again, we rely on the SIC as an indicator of substitutability.
Specifically, materials use at the 6-digit materials code |evel is aggregated
to a 3-digit |evel
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shown in the second grouping of rows in table 6, sone use of simlar delivered
materials is reported by only enough respondents to apply this test to 20
percent of the cases. O these, 16 cases, or 8 percent of the total 190
rejections, no longer indicate a difference between primary and secondary
producti on techni ques.

A third explanation pertains to the accounting convention of recording
in |l/Otables the use of only those materials that have been produced at
anot her establishnent. Because the convention that a transfer of comodities
nmust have taken place also is adopted in the definition of production, the
chosen nethod of recording materials use preserves the material bal ance
accounting identity that all production nust be used as an internediate or by
final demand. Materials that are produced and consunmed at the sanme
establ i shment are not recorded in traditional measures of materials use, and,
thus far, such materials also have been onitted fromthe nmeasures used in the
regression estimates of materials requirements.'® To investigate the extent
to which the om ssion of produced-and-consuned materials has introduced the
appear ance of heterogeneity, we also have estimted equation (3) under the
broader definition of materials, that is including self-supplied inputs.?®®

As shown in the third group of rows in table 6, sonme use of produced and
consumed materials is reported by enough respondents to test this explanation
for about 22 percent of the cases. O these, 23 cases no |longer reject the
test of simlarity. |In other words, about 12 percent of all of the initia
rejections can be resolved by the incorporation of the use of

produced- and- consuned materials. Many of these are cases in which

2The omi ssion of produced-and-consumed materials does not necessarily
|l ead to the appearance of heterogeneity, particularly if the definitions of
the materials are broad. Any materials which are delivered to nmake the
(om tted) produced-and-consumed materials are included in the traditiona
nmeasures of materials use.

3The dependent and i ndependent variables in equation (3) are nmeasured in
dol lars, but the data on produced-and-consunmed naterials is available only in
physical units. To aggregate across delivered and produced-and-consumned
materials, we value the produced-and-consuned nmaterials at the average price
of the plant-specific delivered materials of the sane kind.
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requirenents for delivered materials are | ower for secondary producers.
Apparently, there is sone tendency for the sinultaneous production and
consunption of materials to occur in conjunction with secondary production

Tabl e 7 gives selected specific exanples of these classifications which
hel p explicate the results. For exanple, the original estimtes of equation
(3) revealed that the use of feed grains to nake pet foods is much hi gher when
the make of pet foods occurs as prinmary production. However, the additiona
regressi ons showed that this was due to product diversity within the pet food
category. The nore di saggregated product categories distinguish between ~"dog
and cat food'' and " “other pet and specialty feeds''. Dog and cat food tends
to use less feed grains than other pet and specialty feeds. Further
di saggregation was able to reveal that the initial rejection reflected a
di fference in product conposition, not a difference between primry and
secondary production techniques.

As a second exanple, note that the requirements for packed neat products
to make packed meat initially appeared to be higher for primary producers than
secondary producers. Further inspection revealed that there no | onger was an
appearance of difference if either a broader definition of materials was used
or if produced-and-consuned materials were counted as materials use.

V. CONCLUSI ON

Sinplified neocl assical nodels, under the | aw of one price and equa
access to technology, inply that best practice techniques are adopted for al
products by all producing establishments. |In terms of a cormodity technol ogy
nodel , technical coefficients are equalized. Any differences in factor
intensities nmust reflect patterns of specialization rather than differences in
production techniques. Wth regard to materials use, this paper |ends support
to this postul ate.

Using raw data reports from al nost 100,000 U.S. manufacturing plants,
techni cal coefficients have been estimated and tested. The probl em of

negative coefficients in the presence of secondary production appeared to be
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significant in only about 5 percent of the naterial-product conbinations.

Mor eover, after further testing, we find that in only about 6 percent of the
cases (which is 35 percent of the initial rejections) the difference between
primary and secondary coefficients withstands further scrutiny. In other
words, generally we find that material requirenments do not depend on whet her
the goods are nade as primary products or as secondary products. Differences
in factor intensities tend to reflect patterns of product specialization, not

the co-existence of alternative techniques to produce output.

Table 1

Coverage of Specified Materials Use
in the 1982 Census of Manufactures

Nurber of Anmount  of

Pl ant s Per cent Mat eri al s® Per cent
1. Total Manufacturing 348, 385 100 990, 060 100
2. Nonreporters 251, 870 72 149, 881 15
3. Not required 135, 042 39 29, 168 3
4, Nonconpl i ance® 116, 828 34 120,713 12
5. Reporters 96, 515 28 840, 179 85
6. Materials n.e.c.® 180, 094 18
7. Specified material s 660, 085 67
Meno:
8. Pure plants reporting® 62, 757 18 384, 554 39
9. Oher plants reporting 33, 758 10 455, 624 46
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a. Mllions of dollars of materials purchased and consuned. Excl udes

mat eri al s produced and consuned.

b. For plants in industries asked to report specified materials use, includes
non-admi ni strative-record plants with materials use explicitly coded as n.s.k
and plants with only a positive balancing record in the detailed materials
records.

c. Also includes sone unknown anpunt of materials of the types specified by

ki nd but not reported under specified materials because the anmpbunt consuned was
| ess than a censoring threshold, typically 10,000 dollars.

d. Pure plants make only prinmary products (1/0O basis). M scellaneous receipts
are excluded fromour calculation of this degree of specialization, but |ess
than half of a pure plant's total receipts are allowed to cone from

m scel | aneous activities.

Table 2

Li st of Sectors Producing Materials under Study

Mat eri al - produci ng Sect or Mat eri al - produci ng Sect or
Sector Description Sector Description

AGRI CULTURAL MATERI ALS

1 Dairy farm products 9 Tobacco
2 Poultry and eggs 10 Fruits
3 Meat aninmals 12 Veget abl es
5 Cotton 13 Sugar crops
6 Food grains 15 Ol bearing crops
7 Feed grains 19 Commercial fishing
M NI NG MATERI ALS
23 Copper ore nining 28 Sand and gravel nining
26 Crude petrol eum and natural gas 29 day, ceramc, and
refractory mnerals mning
27 Dinmension, crushed and broken 30 Nonnetallic mnera
stone m ni ng services and msc. mnerals
FOOD AND TOBACCO NMATERI ALS
91 Meat packing plants 120 Chewi ng gum
97 Condensed and evaporated m |k 122 Malt
99 Fluid mlk 124 Distilled liquor, except
br andy
108 Flour and other grain mll 126 Fl avoring extracts and
products Syrups, n.e.c.
117 Sugar 128 Soybean oil nills
119 Chocol ate and cocoa products 139 Tobacco stenm ng and
redrying
TEXTI LE, WOOD AND PAPER MATERI ALS
140 Broadwoven fabric mlls 196 Pulp mills
and fabric finishing
142 Yarn mlls and finishing 197 Paper nills, except
of textiles n.e.c. bui | di ng paper
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169 Loggi ng canps and contractors 198 Paperboard nmills

170 Sawnills and planing mlls 202 Paper coating and gl azing
175 Veneer and pl ywood 217 Bl ankbooks and | oosel eaf
bi nders

Not es: The sector code ranges from1l to 537, corresponding to the
sequence of sectors in the benchmark U S. 10 accounts for 1977. The 370
manuf acturing sectors in this systemare in the 85-454 range of codes.
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Tabl e 2 (continued)

Li st of Sectors Producing Materials under Study

Mat eri al - produci ng Sect or Mat eri al - produci ng Sect or
Sector Description Sector Description

CHEM CAL, PLASTI CS AND PETRCLEUM MATERI ALS

224 Industrial inorganic and 237 Organic fibers, noncellulosic
organi ¢ chemical s
225 Nitrogenous and phosphatic 243 Paints and allied products
fertilizers
229 Adhesives and seal ants 244 Petrol eumrefining
233 Cheni cal preparations, n.e.c. 249 Tires and inner tubes
235 Synthetic rubber 255 Leat her tanning and finishing
STONE, CLAY AND GLASS MATERI ALS
264 d ass and gl ass products 266 Cenent, hydraulic
265 d ass containers 285 M nerals, ground or treated
METAL MATERI ALS
298 Primary copper 304 Copper rolling and draw ng
299 Primary | ead 307 Nonferrous wire draw ng
and insul ating
300 Primary zinc 312 Metal cans
301 Primary al um num 331 Hardware, n.e.c.
302 Primary nonferrous netals, n.e.c. 334 M scel |l aneous fabricated wire
products
EQUI PMENT COVPONENTS AND PARTS
340 Internal conbustion engi nes 412 Motor vehicles and car bodies
377 Refrigeration and heating 413 Motor vehicle parts
equi pnent

M SCELLANEQUS MATERI ALS AND PARTS
436 Jewel ers' materials 443 Pens and nechani cal pencils

Not es: The sector code ranges from1l to 537, corresponding to the
sequence of sectors in the benchmark U S. 10 accounts for 1977. The 370
manuf acturing sectors in this systemare in the 85-454 range of codes.
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Table 3

Availability of Reports on Specified Materials Use
for Selected Commodities by Sector

Sector reporting use Sector reporting use
Sector Description Sector Description

USE OF DAI RY FARM PRODUCTS (1)
95 Creamery butter 98 |Ice cream and frozen desserts
96 Cheese 99 Fluid mlk
97 Condensed and evaporated m |k

USE OF COPPER ORES (23)
224 Industrial inorganic and 298 Primary copper
organi ¢ chemical s

USE OF MEAT PACKI NG PLANT PRODUCTS (91)

91 Meat packing plants 132 Shortening and cooking oils
92 Sausages and ot her prepared nmeats 238 Drugs

101 Canned specialties 244  Petrol eum refining

102 Canned fruits and vegetabl es 245 Lubricating oils and greases
107 Frozen specialties 255 Leather tanning and finishing
115 Bread, cake and rel ated products 256 Boot and shoe cut stock

116 Cooki es and crackers

USE OF LOGG NG CAMP PRODUCTS ( 169)

170 Sawnills and planing nmills 180 Particl eboard
171 Hardwood dimension mlls 181 Wbod products n.e.c.
172 Special product sawrlls 182 Wbod contai ners
173 M I I work 196 Pulp mills
175 Veneer and pl ywood 197 Pulp mills
178 Wbod preserving 198 Paperboard nills
179 Wbod pal l ets and skids 201 Buil ding paper and board mlls
USE OF SYNTHETI C RUBBER (235)
229 Adhesives and seal ants 256 Boot and shoe cut stock
249 Tires and inner tubes 283 Asbestos products
250 Rubber and plastics footwear 284 Gaskets, packing and
seal i ng devices
252 Fabricated rubber n.e.c. 307 Nonferrous wire draw ng
254 Rubber and plastics hose 451 Hard surface floor coverings
USE OF PRI MARY LEAD (299)
289 Bl ast furnaces and steel mlls 306 Nonferrous rolling and draw ng nec
291 Steel wire and rel ated products 312 Metal cans
299 Primary |ead 313 Metal barrels, druns and pails
303 Secondary nonferrous netals 405 Storage batteries

304 Copper rolling and draw ng

USE OF REFRI GERATI ON AND HEATI NG EQUI PMENT (377)
375 Automatic nerchandi sing machi nes 410 Truck and bus bodies

376 Commercial |aundry equipnent 411 Truck trailers

377 Refrigeration and heating equip. 412 Motor vehicle and car bodies
379 Service industry machines n.e.c. 421 Travel trailers and canpers
389 Household refrigerators 423 Motor hones

Notes: The I/O sector codes of the materials are shown in parentheses.
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Table 4

Di stribution of Regression Sunmary Statistics
for Use of 71 Specific Materials by Manufacturers
with Use Dependent on Make as Prinary or Secondary Product

Fit and Scope of the Regression

Quantile of Goodness of Nunber of Nunber of
Statistic Fi t Product s Pl ant s
0 . 38 5 27

5 .50 10 75

10 .53 28 98

25 . 66 46 373

50 . 80 84 934

75 . 89 129 1816

90 .97 154 3239

95 .98 170 4585

100 .99 205 6360

Notes: There are 1073 observations on the statistics in the columms, one
observation per material - product conbination with reports of specified materials
use avail able from manufacturing plants; material -product combinations with too
few reports to identify both the primary-and secondary-production requirenments
paraneters are excluded. The regression statistics in each colum are sorted
separately. Thus, for exanple, the smallest goodness-of-fit is 38 percent, but
this does not necessarily arise in the regression with the fewest products (5).
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Table 5

Di stribution of Regression Results
for Use of 71 Specific Materials by Manufacturers
with Use Dependent on Make as Prinary or Secondary Product

Make as a T-statistic
Quantile of Primary Product Secondary Product for
Statistic aP t-statistic a® t-statistic di fference
0 -1.17 -5.00 -305.81 -18. 38 -12.39
5 .00 -.05 -.38 -2.25 -3.22
10 .00 .05 -.21 -1.04 -1.44
25 .01 .43 -.03 -. 17 -.37
50 .02 1.55 .02 .13 .04
75 .09 6. 33 .13 .91 .57
90 .23 16.75 .43 2.85 2.07
95 .37 29.05 .90 5.79 3.32
100 232.48 348. 89 29.85 46. 81 19.98

Notes: There are 1073 observations on the statistics in the columms, one
observation per material -product conmbination with reports of specified materials
use avail able from manufacturing plants; material - product conbinations with too few
reports to identify both the prinmary-and secondary-production requirenents
paraneters are excluded. The regression statistics in each colum are sorted
separately.
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Table 6

Summary of Classification of Apparent Differences
between Primary and Secondary Production Techni ques

Expl anati on Nunber of Per cent of
Code Descri ption Cases Cases
Total apparent differences 190 100
A Under | yi ng product diversity
Not testable 64 34
Test abl e 126 66
No Rej ection 53 28
Still Reject 73 38
B Use of similar delivered materials
Not testable 152 80
Test abl e 38 20
No Rej ection 16 8
Still Reject 22 12
C Use of produced-and-consuned naterial s
Not testable 148 78
Test abl e 42 22
No Rej ection 23 12
Still Reject 19 10
Meno:
A B, C Any of the Explanations
Not testable 54 28
Testabl e under at |east one 136 72
No Rej ection under at |east one 70 37
Still Reject under all tested 66 35

Source: Calculations by the authors by the nethod described in the text.
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Table 7

Sel ected Specific Cassifications of Apparent Differences
between Primary and Secondary Production Techni ques

Mat eri al Pr oduct
Sector Description Sector Description Expl anati on
7 Feed grains 111 Pet food A
29 Clay, ceranic 286 M neral wool A
and refractory mnerals
91 Meat packing 91 Meat packing B, C
169 Loggi ng canps 197 Paper mlls C
175 Veneer and pl ywood 191 Public building furniture A C
244 Pet rol eum refi ni ng 244 Pet r ol eum refi ni ng C
265 G ass contai ners 124 Distilled |iquor A
298 Primary copper 306 Nonferrous rolling A B

and drawi ng n.e.c.

Not es: The expl anation codes indicate no rejection under one of the additional
tests described in table 6:

A Underlying product diversity

B Use of similar delivered materials

C Use of produced-and-consuned naterial s
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